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(57) ABSTRACT 

The present invention provides a pipeline A/D converter 
having resolution, allowable conversion processing rate and 
power consumption satisfying the requests of a system 
incorporating the pipeline A/D converter. The pipeline A/D 
converter in accordance with the present invention com 
prises a control section for outputting a control signal 
according to the operation state of an apparatus incorporat 
ing the pipeline A/D converter, and a pipeline A/D conver 
sion section, the resolution and/or allowable conversion 
processing rate of which are switched by switching the 
capacitance in a built-in operational ampli?er according to 
the control signal. 
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PIPELINE A/D CONVERTER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a Continuation of Us. patent 
application Ser. No. 11/140,344, ?led May 27, 2005, Which 
Was published in the English language on Dec. 15, 2005, 
under U.S. Patent Application Publication No. US 2005/ 
0275579 A1 and the disclosure of Which is incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to a pipeline A/D 
converter. 

[0003] As digitiZation proceeds in the audiovisual ?eld 
and the information and communication ?eld, A/D convert 
ers being used as key devices in the ?elds are requested to 
have higher speed, higher resolution and loWer poWer con 
sumption. 
[0004] A pipeline A/D converter in accordance With a 
conventional example Will be described beloW With refer 
ence to FIG. 12. 

[0005] FIG. 12 shoWs the con?guration of the pipeline 
A/ D converter in accordance With the conventional example. 
The operational ampli?er 2 is equipped With means for 
sampling and holding analog input signals input from analog 
input signal terminals 6 and 7. Digital output signals output 
from the M pipe stages 1201a to 1201e are input to the 
digital demodulator circuit 8 and subjected to arithmetic 
processing, and an N-bit digital signal is output. 

[0006] The M stages 1201a to 1201e have the same 
con?guration. The number of the stages varies With each 
A/ D converter. In the conventional example, the number of 
the stages is set at M. The con?guration of the stage 1201a 
Will be described beloW. The stage 1201a comprises an 
operational ampli?er 1203, an A/D converter 4 and a D/A 
converter 5. 

[0007] The output signals of the preceding stage (the 
operational ampli?er 2) are input to the A/D converter 4 and 
subjected to comparison processing, and digital output sig 
nals are output. The digital output signal output from the 
A/D converter 4 and input to the D/A converter 5 is 
subjected to digital processing, and voltage values corre 
sponding to the input digital signal are output. The output 
signals of the preceding stage (the operational ampli?er 2) 
and the output signals of the D/A converter 5 are input to the 
operational ampli?er 1203, subjected to addition (actually 
subtraction), ampli?ed and output. The operational ampli?er 
1203 constituting each stage of this pipeline A/D converter 
is generally equipped With capacitance devices (capacitors). 
These capacitance devices (capacitors) serve as very impor 
tant elements in determining the alloWable conversion pro 
cessing rate, poWer consumption and resolution of the A/D 
converter. 

[0008] FIG. 13 is a vieW shoWing a con?guration of the 
operational ampli?er 1203 of the pipeline A/D converter in 
accordance With the conventional example. The peripheral 
circuit 21a comprises capacitance devices (capacitors) 12a 
and 12b, and sWitches 13a, 13b, 13c, 13d, 13e and 13fthat 
are turned ON/OFF according to the clock timing shoWn in 
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FIG. 4. The peripheral circuit 21b has the same con?guration 
as that of the peripheral circuit 21a. 

[0009] Next, the Working of the operational ampli?er 1203 
shoWn in FIG. 13 Will be described beloW. The operation of 
the peripheral circuit 21a is the same as that of the peripheral 
circuit 21b. The operation of the peripheral circuit 21a is 
described in the folloWing description. In FIG. 13, control 
signal CLK1 (FIG. 4) is input to the sWitches 13a, 13b, 13e 
and 13f These sWitches are turned ON in a period A and 
turned OFF in the other periods. Control signal CLK2 (FIG. 
4) is input to the sWitches 13c, 13d. These sWitches are 
turned ON in a period B and turned OFF in the other periods. 

[0010] First, in the period A shoWn in FIG. 4, the sWitches 
13a, 13b, 13e and 13fshoWn in FIG. 13 are turned ON, and 
the other sWitches are turned OFF. The capacitance device 
(capacitor) 1211 having a capacitance value C1 is charged 
With the charge corresponding to the voltage di?‘erence 
betWeen the voltage of the signal from the analog signal 
input terminal 14a and the DC bias voltage from the DC bias 
input terminal 15a. At this time, the analog signal output 
terminal 19a is short-circuited to the DC bias input terminal 
17a, and the voltage at the analog signal output terminal 
19abecomes the DC bias voltage Which is input from the DC 
bias input terminal 17a. 

[0011] Next, in the period B shoWn in FIG. 4, the sWitches 
13c and 13d shoWn in FIG. 13 are turned ON, and the other 
sWitches are turned OFF. The charge of the capacitance 
device (capacitor) 1211 having been charged in the period A 
shoWn in FIG. 4 is distributed to the capacitance device 
(capacitor) 12b having a capacitance value C2. According to 
the laW of conservation of charge, the dilTerential ampli?er 
circuit 11 ampli?es the input signals from the analog signal 
input terminals 14a and 14b by the ratio of the capacitances 
of the capacitance devices (capacitors) 12a and 12b, that is, 
C1/C2. The dilTerential ampli?er circuit 11 outputs the 
ampli?ed analog signals from the analog signal output 
terminals 19a and 19b. 

[0012] FIG. 14 is a vieW shoWing another con?guration of 
the operational ampli?er 1203 of the pipeline A/ D converter 
in accordance With the conventional example. The periph 
eral circuit 21a comprises capacitance devices (capacitors) 
12a and 12b, and sWitches 13a, 13b, 13c, 13d, 13e and 
13?hat are turned ON/OFF according to the clock timing 
shoWn in FIG. 4. The peripheral circuit 21b has the same 
con?guration as that of the peripheral circuit 21a. 

[0013] Next, the Working of the operational ampli?er 1203 
shoWn in FIG. 14 Will be described beloW. The operation of 
the peripheral circuit 21a is the same as that of the peripheral 
circuit 21b. The operation of the peripheral circuit 2la is 
described in the folloWing description. In FIG. 14, control 
signal CLK1 (FIG. 4) is input to the sWitches 13a, 13b, 13e 
and 13f These sWitches are turned ON in the period A and 
turned OFF in the other periods. Control signal CLK2 (FIG. 
4) is input to the sWitches 13c, 13d. These sWitches are 
turned ON in the period B and turned OFF in the other 
periods. 

[0014] In the period A shoWn in FIG. 4, the sWitches 13a, 
13b, 13e and 13f are turned ON, and the other sWitches are 
turned OFF. The capacitance device (capacitor) 1211 having 
a capacitance value C1 and the capacitance device (capaci 
tor) 12b having a capacitance value C2 are charged With the 
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charge corresponding to the voltage difference between the 
voltage of the signal from the analog signal input terminal 
14a and the DC bias voltage from the DC bias input terminal 
1511. At this time, the analog signal output terminal 19a is 
short-circuited to the DC bias input terminal 17a, and the 
voltage at the analog signal output terminal 1911 becomes the 
DC bias voltage Which is input from the DC bias input 
terminal 17a. 

[0015] In the period B shoWn in FIG. 4, the sWitches 13c 
and 13d shoWn in FIG. 14 are turned ON, and the other 
sWitches are turned OFF. The charges of the capacitance 
devices (capacitors) 12a and 12b, charged in the period A 
shoWn in FIG. 4, are redistributed. According to the laW of 
conservation of charge, the differential ampli?er circuit 11 
ampli?es the input signals from the analog signal input 
terminals 14a and 14b by the ratio of the capacitances of the 
capacitance devices (capacitors) 12a and 12b, that is, (C1+ 
C2)/C2. The differential ampli?er circuit 11 outputs the 
ampli?ed analog signals from the analog signal output 
terminals 19a and 19b. 

[0016] In the multiple stages connected in series, the 
alloWable operation range of the operational ampli?er 1203 
is approximately determined by gm/C Wherein gm is the 
transconductance of the differential ampli?er circuit 11 in 
the preceding stage and C is the capacitance value of the 
operational ampli?er in the subsequent stage (driven by the 
differential ampli?er circuit 11 in the preceding stage) 
(FIGS. 13 and 14). This exerts an in?uence on the signal 
settling performance in the alloWable operation range of the 
operational ampli?er 1203, thereby eventually exerting an 
in?uence on the alloWable conversion processing rate of the 
A/D converter. The poWer consumption of the operational 
ampli?er 1203 is also considered as described beloW. The 
current required to charge/discharge the charge correspond 
ing to an output signal amplitude dV of the differential 
ampli?er circuit 11 in a constant time dt using the differential 
ampli?er 11 to the capacitance value C of the operational 
ampli?er 1203 in the subsequent stage being connected in 
series is determined by C><dV/dt. The total of these currents 
of the operational ampli?ers 1203 in all the stages deter 
mines almost all the poWer consumption of the A/D con 
verter. 

[0017] Patent document 1, Japanese Laid-open Patent 
Application No. 2003-198368, describes a conventional 
technology for reducing the poWer consumption of the 
Whole of an A/D converter. According to the conventional 
technology described in Patent document 1, the current 
?oWing in a differential ampli?er circuit constituting an 
operational ampli?er is controlled, Whereby the transcon 
ductance gm of the differential ampli?er circuit is changed 
and the resolution required for the A/D converter is changed. 
Hence, in the case that the performance of the A/ D converter 
is higher than the performance required for the A/D con 
verter, the current ?oWing in the differential ampli?er circuit 
can be decreased, and the poWer consumption of the Whole 
of the A/D converter can be reduced. 

[0018] As described in “IEEE J. SOLID-STATE CIR 
CUITS, Vol. 36, pp. 1931-1936, December 2001 [A 3-V 
340-mW 14-b 75-Msample/s CMOS ADC With 85-dB 
SFDR],” for the purpose of satisfying a resolution required 
for a pipeline A/D converter, the relative accuracy of the 
capacitances of the capacitance devices (FIGS. 13 and 14) 
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constituting an operational ampli?er determines the resolu 
tion of the A/D converter. Generally speaking, the larger the 
capacitance value, the higher the relative accuracy of the 
capacitance. It is thus knoWn to be necessary to determine 
the capacitance value matching to the resolution on the basis 
of the relative accuracy of the capacitance. 

[0019] As described above, the capacitance devices 
(capacitors) constituting the operational ampli?er are very 
important to determine the alloWable conversion processing 
rate, poWer consumption and resolution of the pipeline A/D 
converter. Conventionally, the capacitance values of the 
capacitance devices (capacitors) Were ?xed values matching 
to the performance required for the A/D converter. 

[0020] As described above, in the conventional pipeline 
A/D converter, even in the case that the performance 
required for the A/D converter being used in a system is 
changed, the capacitance values of the capacitance devices 
(capacitors) of the operational ampli?er constituting the 
pipeline A/D converter are ?xed. As a result, the perfor 
mance of the A/D converter cannot be changed. In the case 
that the performance of the A/D converter being used in the 
system is higher than the performance required for the A/D 
converter, the A/D converter has Wasteful alloWable con 
version processing rate and Wasteful resolution and con 
sumes Wasteful poWer, each Wasted by the amount corre 
sponding to the excess performance. 

[0021] Furthermore, even in the case that the alloWable 
conversion processing rate, resolution and poWer consump 
tion of the A/D converter are loWered by controlling the 
current ?oWing in the differential ampli?er circuit consti 
tuting the operational ampli?er, as long as the capacitance 
values of the capacitance devices of the operational ampli 
?er are ?xed the reduction of the poWer consumption is 
determined by the ?xed capacitance values. Therefore, fur 
ther reduction of the poWer consumption cannot be attained. 

BRIEF SUMMARY OF THE INVENTION 

[0022] The present invention is intended to provide a 
pipeline A/D converter capable of being intemally set so as 
to satisfy required alloWable conversion processing rate and 
resolution. 

[0023] The present invention is intended to provide a 
pipeline A/D converter being intemally set automatically so 
as to satisfy required alloWable conversion processing rate 
and resolution. 

[0024] The present invention is intended to provide a 
pipeline A/D converter having loW poWer consumption and 
capable of being intemally set so as to satisfy required 
alloWable conversion processing rate and resolution. 

[0025] The present invention is intended to provide a 
pipeline A/D converter having loW poWer consumption and 
being intemally set automatically so as to satisfy required 
alloWable conversion processing rate and resolution. 

[0026] For the purpose of attaining these objects, the 
present invention has a con?guration described beloW. A 
pipeline A/D converter in accordance With an aspect of the 
present invention comprises a control section for outputting 
a control signal according to the operation state of an 
apparatus incorporating the pipeline A/D converter, and a 
pipeline A/D conversion section, the resolution and/or 
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allowable conversion processing rate of Which are switched 
by switching the capacitance in a built-in operational ampli 
?er according to the control signal. 

[0027] With this con?guration, in the case that the perfor 
mance requested by the apparatus is changed, the perfor 
mance of the pipeline A/D converter is set adaptively 
according to the change of the state. The pipeline A/D 
converter is internally set suitably so as to just suf?ciently 
deliver the performance requested for the pipeline A/D 
converter by the apparatus. The resolution of the pipeline 
A/ D converter can be raised by sWitching the capacitance in 
the operational ampli?er incorporated in each stage of the 
pipeline A/D converter to a large value. The value of the 
capacitance connected to the output of a differential ampli 
?er circuit constituting the operational ampli?er is made 
small by sWitching the capacitance in the operational ampli 
?er to a small value. The maximum operation frequency of 
the operational ampli?er is thus raised. Hence, the alloWable 
conversion processing rate of the A/D converter can be 
raised. 

[0028] The apparatus incorporating the pipeline A/D con 
verter and the state of the operation thereof are optional. For 
example, it is assumed that the pipeline A/D converter is a 
video signal A/D converter incorporated in an electronic 
camera. In the case that the electronic camera is in its 
recording mode (a video signal output from a CCD is A/D 
converted at high resolution and recorded on a recording 
medium), the resolution of the pipeline A/D converter is set 
at 14-bit accuracy. In the case that the electronic camera is 
in its reproduction mode (a reproduction video signal is A/D 
converted at loW resolution and displayed on a liquid crystal 
monitor display), the resolution of the pipeline A/D con 
verter is set automatically at 12-bit accuracy. 

[0029] A pipeline A/D converter in accordance With 
another aspect of the present invention comprises a control 
section that outputs a test signal, receives a digital signal 
output from a pipeline A/D conversion section to Which the 
test signal has been input, tests Whether the digital signal is 
proper or not, and outputs a control signal according to the 
result of the test, and the pipeline A/D conversion section, 
the resolution of Which is sWitched by sWitching the capaci 
tance in a built-in operational ampli?er according to the 
control signal. 

[0030] When the control section detects performance deg 
radation of the pipeline A/D conversion section, the control 
section outputs a control signal for raising the resolution to 
the pipeline A/D conversion section, and When excess per 
formance is detected the control section outputs a control 
signal for loWering the resolution to the pipeline A/D 
conversion section. 

[0031] The present invention can realiZe a pipeline A/D 
converter having high performance stability and being inter 
nally set automatically so as to satisfy required resolution. 

[0032] A pipeline A/D converter in accordance With still 
another aspect of the present invention comprises a control 
section that outputs a test signal, receives a digital signal 
output from a pipeline A/D conversion section to Which the 
test signal has been input, tests Whether the digital signal is 
proper or not and outputs a control signal according to the 
result of the test, and the pipeline A/D conversion section, 
the alloWable conversion processing rate of Which is 
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sWitched by sWitching the capacitance in a built-in opera 
tional ampli?er according to the control signal. 

[0033] When the control section detects performance deg 
radation of the pipeline A/D conversion section, the control 
section outputs a control signal for raising the alloWable 
conversion processing rate to the pipeline A/D conversion 
section, and When excess performance is detected the control 
section outputs a control signal for loWering the alloWable 
conversion processing rate to the pipeline A/D conversion 
section. 

[0034] The present invention can realiZe a pipeline A/D 
converter having high performance stability and being inter 
nally set automatically so as to satisfy required resolution. 

[0035] A pipeline A/D converter in accordance With still 
another aspect of the present invention is characterized in 
that the control section outputs the test signal at the time 
When an apparatus incorporating the pipeline A/D converter 
is in a predetermined state. 

[0036] The pipeline A/D converter is internally set auto 
matically at given timing Wherein the behavior of the Whole 
of an apparatus incorporating the pipeline A/D converter is 
not affected. Hence, the pipeline A/D converter can be 
internally set automatically so as to satisfy required resolu 
tion and/or alloWable conversion processing rate Without 
interfering With the functions and operation of the apparatus. 

[0037] A pipeline A/D converter in accordance With still 
another aspect of the present invention is characterized in 
that the control section further sWitches the conductance of 
the output stage of a differential ampli?er circuit incorpo 
rated in the operational ampli?er according to the capaci 
tance in the operational ampli?er, the capacitance having 
been sWitched according to the control signal. 

[0038] In the case that the capacitance in the operational 
ampli?er is sWitched, the conductance of the output stage of 
the differential ampli?er circuit is sWitched accordingly. 
Hence, the current ?oWing in the differential ampli?er 
circuit can be changed so as to have an amount satisfying the 
performance of the pipeline A/D converter. For example, 
When the control section judges that the present setting is of 
excess performance and then loWers the capacitance in the 
operational ampli?er (loWers the resolution), the control 
section loWers the conductance of the output stage of the 
differential ampli?er circuit according to the capacitance 
value having been loWered. In other Words, the current 
?oWing in the differential ampli?er circuit is decreased. 
Hence, the poWer consumption of the pipeline A/D con 
verter can be reduced, and the poWer consumption of the 
Whole apparatus incorporating the pipeline A/D converter 
can be reduced. The poWer consumption and resolution can 
be changed according to the resolution requested by the 
apparatus, and it is thus possible to sWitch the current 
?oWing in the differential ampli?er circuit in the operational 
ampli?er and the capacitance in the operational ampli?er. 
Hence, further poWer reduction can be attained in compari 
son With the case Wherein only the current ?oWing in the 
differential ampli?er circuit in the operational ampli?er is 
sWitched. 

[0039] Furthermore, for example, the alloWable conver 
sion processing rate can be raised by increasing the conduc 
tance of the output stage of the differential ampli?er circuit. 
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The resolution can be raised by decreasing the conductance 
of the output stage of the differential ampli?er circuit. 

[0040] A pipeline A/D converter in accordance With still 
another aspect of the present invention, having a ?rst mode 
and a second mode and comprising multiple stages con 
nected by pipelines, is characterized in that at least one of the 
stages comprises an ampli?er, a ?rst pair of a ?rst capacitor 
and a second capacitor, and a second pair of a third capacitor 
and a fourth capacitor, Wherein in the ?rst mode, the 
ampli?er ampli?es the analog input signal at the ampli?ca 
tion factor corresponding to the capacitance of the ?rst pair 
of capacitors and outputs an ampli?ed signal, and in the 
second mode, the ampli?er ampli?es the analog input signal 
at the ampli?cation factor corresponding to the capacitance 
of only the second pair of capacitors or the capacitance of 
the ?rst and second pairs of capacitors and outputs an 
ampli?ed signal. 

[0041] A pipeline A/D converter in accordance With still 
another aspect of the present invention is characterized in 
that at least one of the stages comprises an ampli?er; a ?rst 
pair of a ?rst capacitor and a second capacitor connected in 
series, at least the ?rst capacitor being charged With the 
charge corresponding to the analog input signal in a ?rst 
period, the charges stored in the ?rst capacitor and the 
second capacitor being redistributed in a second period 
While current How is prevented at the connection point of the 
?rst capacitor and the second capacitor, the connection point 
of the ?rst capacitor and the second capacitor being con 
nected to the input terminal of the ampli?er, and one 
terminal of the second capacitor, not connected to the ?rst 
capacitor, being connected to the output terminal of the 
ampli?er; and a second pair of a third capacitor and a fourth 
capacitor connected in series, at least the third capacitor 
being charged With the charge corresponding to the analog 
input signal in the ?rst period, the charges stored in the third 
capacitor and the fourth capacitor being redistributed in the 
second period While current ?oWing is prevented at the 
connection point of the third capacitor and the fourth capaci 
tor, the connection point of the third capacitor and the fourth 
capacitor being connected to the input terminal of the 
ampli?er, and one terminal of the fourth capacitor, not 
connected to the third capacitor, being connected to the 
output terminal of the ampli?er. 

[0042] A pipeline A/D converter in accordance With still 
another aspect of the present invention is characterized in 
that the stage further comprises a ?rst sWitch, one terminal 
of Which receives the analog input signal and the other 
terminal of Which is connected to one terminal of the ?rst 
capacitor, not connected to the second capacitor, and the 
sWitch being turned ON in the ?rst period and turned OFF 
in the second period; a second sWitch, one terminal of Which 
is connected to the connection point of the ?rst sWitch and 
the ?rst capacitor, the sWitch being turned OFF in the ?rst 
period and turned ON in the second period, and at least the 
potential at the other terminal of the ?rst capacitor being 
input to the ampli?er; a third sWitch, one terminal of Which 
receives a DC bias voltage and the other terminal of Which 
is connected to the connection point of the ?rst capacitor and 
the second capacitor, and the sWitch being turned ON in the 
?rst period and turned OFF in the second period; a fourth 
sWitch, one terminal of Which receives the analog input 
signal or the DC bias voltage and the other terminal of Which 
is connected to one terminal of the second capacitor, not 

Dec. 27, 2007 

connected to the ?rst capacitor, and the sWitch being turned 
ON in the ?rst period and turned OFF in the second period; 
a ?fth sWitch, one terminal of Which is connected to the 
connection point of the second capacitor and the fourth 
sWitch and the other terminal of Which is connected to the 
output terminal of the ampli?er, and the sWitch being turned 
OFF in the ?rst period and turned ON in the second period; 
a sixth sWitch, one terminal of Which receives the analog 
input signal and the other terminal of Which is connected to 
one terminal of the third capacitor, not connected to the 
fourth capacitor, and the sWitch being turned ON in the ?rst 
period and turned OFF in the second period; a seventh 
sWitch, one terminal of Which is connected to the connection 
point of the sixth sWitch and the third capacitor, the sWitch 
being turned OFF in the ?rst period and turned ON in the 
second period, and at least the potential at the other terminal 
of the third capacitor being input to the ampli?er; an eighth 
sWitch, one terminal of Which receives the DC bias voltage 
and the other terminal of Which is connected to the connec 
tion point of the third capacitor and the fourth capacitor, and 
the sWitch being turned ON in the ?rst period and turned 
OFF in the second period; a ninth sWitch, one terminal of 
Which receives the analog input signal or the DC bias 
voltage and the other terminal of Which is connected to one 
terminal of the fourth capacitor, not connected to the third 
capacitor, and the sWitch being turned ON in the ?rst period 
and turned OFF in the second period; and a tenth sWitch, one 
terminal of Which is connected to the connection point of the 
fourth capacitor and the ninth sWitch and the other terminal 
of Which is connected to the output terminal of the ampli?er, 
and the sWitch being turned OFF in the ?rst period and 
turned ON in the second period. 

[0043] With the above-mentioned con?guration, it is pos 
sible to realize a pipeline A/D converter, the resolution 
and/or the alloWable conversion processing rate of Which 
can be sWitched suitably by carrying out sWitching betWeen 
the ?rst mode and the second mode. The number of the 
modes may be more than tWo. 

[0044] A pipeline A/D converter in accordance With still 
another aspect of the present invention is characterized in 
that the conductance of the output stage of the ampli?er is 
sWitched according to the mode. 

[0045] In the case that the capacitance in the operational 
ampli?er is sWitched, the conductance of the output stage of 
the differential ampli?er is sWitched accordingly. Hence, the 
current can be changed so as to have an amount satisfying 
the performance of the pipeline A/D converter. 

[0046] A pipeline A/D converter in accordance With still 
another aspect of the present invention is characterized in 
that the mode is ?xed using electrical Wiring. 

[0047] The capacitance to be used in the operational 
ampli?er constituting each stage is set by electrical Wiring, 
such as Wiring and fusing during semiconductor assembly, 
Whereby the resolution and alloWable conversion processing 
rate of the A/ D converter can be determined. 

[0048] The present invention provides an advantageous 
effect that can realize a pipeline A/D converter capable of 
being internally set so as to satisfy required alloWable 
conversion processing rate and resolution. 

[0049] The present invention provides an advantageous 
effect that can realize a pipeline A/D converter being inter 
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nally set automatically so as to satisfy required allowable 
conversion processing rate and resolution. 

[0050] The present invention provides an advantageous 
effect that can realiZe a pipeline A/D converter having loW 
poWer consumption and capable of being internally set so as 
to satisfy required alloWable conversion processing rate and 
resolution. 

[0051] The present invention provides an advantageous 
effect that can realiZe a pipeline A/D converter having loW 
poWer consumption and being internally set automatically so 
as to satisfy required alloWable conversion processing rate 
and resolution. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

[0052] The foregoing summary, as Well as the folloWing 
detailed description of the invention, Will be better under 
stood When read in conjunction With the appended draWings. 
For the purpose of illustrating the invention, there are shoWn 
in the draWings embodiments Which are presently preferred. 
It should be understood, hoWever, that the invention is not 
limited to the precise arrangements and instrumentalities 
shoWn. 

[0053] In the draWings: 

[0054] FIG. 1 is a vieW shoWing the con?guration of a 
pipeline A/D converter in accordance With Embodiment l; 

[0055] FIG. 2 is a vieW shoWing a con?guration of an 
operational ampli?er constituting the pipeline A/D converter 
in accordance With Embodiment l; 

[0056] FIG. 3 is a vieW shoWing another con?guration of 
the operational ampli?er constituting the pipeline A/D con 
verter in accordance With Embodiment l; 

[0057] FIG. 4 is a timing chart of the pipeline A/D 
converter; 

[0058] FIG. 5 is a vieW shoWing the con?guration of a 
pipeline A/D converter in accordance With Embodiment 2; 

[0059] FIG. 6 is a vieW shoWing the con?guration of a 
pipeline A/D converter in accordance With Embodiment 3; 

[0060] FIG. 7 is a vieW shoWing the con?guration of a 
pipeline A/D converter in accordance With Embodiment 4; 

[0061] FIG. 8 is a vieW shoWing the con?guration of a 
pipeline A/D converter in accordance With Embodiment 5; 

[0062] FIG. 9 is a vieW shoWing the con?guration of a 
pipeline A/D converter in accordance With Embodiment 6; 

[0063] FIG. 10 is a vieW shoWing the con?guration of a 
pipeline A/D converter in accordance With Embodiment 7; 

[0064] FIG. 11 is a vieW shoWing the con?guration of a 
pipeline A/D converter in accordance With Embodiment 8; 

[0065] FIG. 12 is a vieW shoWing the con?guration of the 
pipeline A/D converter in accordance With the conventional 
example; 

[0066] FIG. 13 is a vieW shoWing a con?guration of the 
operational ampli?er constituting the pipeline A/D converter 
in accordance With the conventional example; and 
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[0067] FIG. 14 is a vieW shoWing a con?guration of the 
operational ampli?er constituting the pipeline A/ D converter 
in accordance With another conventional example. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0068] Embodiments in accordance With the present 
invention Will be described beloW. 

Embodiment l 

[0069] A pipeline A/D converter in accordance With 
Embodiment l of the present invention Will be described 
With reference to using FIGS. 1 to 4. FIG. 1 is a vieW 
shoWing the con?guration of the pipeline A/D converter in 
accordance With Embodiment l of the present invention. 

[0070] The operational ampli?er 2 is equipped With means 
for sampling and holding analog input signals input from 
analog input signal terminals 6 and 7. The digital output 
signals Which are respectively output from M pipe stages 1a 
to 1e are input to the digital demodulator circuit 8 and 
subjected to arithmetic processing, and an N-bit digital 
signal is output. 

[0071] The M stages 1a to 1e have the same con?guration. 
The number of the stages varies With each A/D converter. In 
Embodiment l, the number of the stages is set M. The 
con?guration of the stage 111 Will be described beloW. The 
stage 111 comprises an operational ampli?er 3, an A/D 
converter 4 and a D/A converter 5. 

[0072] The output signals of the preceding stage (the 
operational ampli?er 2) are input to the A/D converter 4 and 
subjected to comparison processing, and digital output sig 
nals are output. The digital output signal output from the 
A/D converter 4 and input to the D/A converter 5 is 
subjected to digital processing, and voltage values corre 
sponding to the input digital signal are output. The output 
signals of the preceding stage (the operational ampli?er 2) 
and the output signals of the D/A converter 5 are input to the 
operational ampli?er 3, subjected to addition (actually sub 
traction), ampli?ed and output. 

[0073] A control signal is input from the outside to a 
control signal input terminal 9 and supplied to the opera 
tional ampli?er 2 and the operational ampli?ers 3 in the pipe 
stages 1a to 1e. 

[0074] FIG. 2 is a vieW shoWing a con?guration of the 
operational ampli?ers 2 and 3 in accordance With Embodi 
ment 1 of the present invention. FIG. 4 is a timing chart for 
tWo clock signals CLK1 and CLK2 to be input to the 
operational ampli?ers 2 and 3. 

[0075] The peripheral circuit 21a comprises capacitance 
devices (capacitors) 12a, 12b, 12c and 12d, and sWitches 
13a, 13b, 13c, 13d, 13e, 13f, 13g, 13h, 131' and 13j that are 
turned ON/OFF according to the clock timing shoWn in FIG. 
4. The peripheral circuit 21b has the same con?guration as 
that of the peripheral circuit 21a. 

[0076] The peripheral circuit 2111 has a sWitch-capacitance 
device (capacitor) group 20a comprising the capacitance 
devices (capacitors) 12a and 12b and the sWitches 13a, 13b, 
13c and 13d, and a sWitch-capacitance device (capacitor) 
group 20b comprising the capacitance devices (capacitors) 
12c and 12d and the sWitches 13g, 13h, 131' and 13j. 




















